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Identifying Patterns and Drawing
ConclusionsyfiromBidlogical Data

Siatistics are used tol simplify patterns
underlying complex biological phenomena

Consultation with
aistatistician
should be
mandatory for
any survey-based
project

P emmems e  Sfaifistics are used to
- support the decision-making
+m. .  Process, andnot intended to
A be the sole consideration in
that process

Strong experimental
designiand statistical
analyses lend
irrefutable credibility
to survey results




Do we need' statistics?

9/17/2008

Statistics:

VS
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Major Steps in designing,
Implementing and
Evaluating a Project

4. How will the project be designed?
5. How will'the data be analyzed?

1. What is| the Question or Hypothesis?

Sampling Universe




Does fthe abundance of
neofropical migratory. birds differ among
foresiinterioriand young forest/edge
habitats ati the Westwoods National
Monument during Spring migration ?

2. What' Parameter Needs
fo) be measured?
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diypes of Biologicall Data

Ecological datal often
are not taken from a
symmetrical, bell-shaped curve

TTT Tl
Svmmetrical Positive Negative
Distribution Skew Skew

3. Can the Parameter be
Measured' Reliably?
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Sampling

Bias

Systiematic deviations
from the true values

—
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Estimated' Woodpeckens

2 4 6 8 10
True Number of Woodpeckers

Major Steps in| designing,
Implementing and
Evaluating a Project:

4. How will the project be designed?
5. How will the data be analyzed?

4> What/is an Appropriate
Stiudy Design?

immp  Mean number of NTMBs per plot




Measures of Central Tendency

Mean - average

No. Quadrats
(SIS IS

0123456738
No. Trees Counted

Normall Distribution -- bell-shaped curve

Measures: of Central Tendency
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Stiandard Deviation (sd)

687 of data are between 4.30 + 1.49 (2.81 - 5.79)
957 of data are between 4.30 + 2.98 (1.32 - 7.28)

Probability and the
Normal Distribution

THE UMNIT MNORMAL DISTRIBUTICOMN
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Standard Deviation (sd)
Vs
Standard Error (SE)
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Iihe Standard Deviation is good

for'examining variation around

the mean, but what if we want

fol compare fthe variation in two

populations that differ widely
in their mean values?

Does one species
show greater
variation in weight?

Coefficient of Variation CV)

CV.= (sd / X)(100%)



http://natzoo.si.edu/zooview/exhibits/smmam/tour/large/eleshrw8.jpg
http://natzoo.si.edu/zooview/exhibits/smmam/tour/large/eleshrw8.jpg
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Stiandard Deviation (sd)
VS
Stiandard Error (SE)
VS
Coefficient of Variation (CV)

CV = relative estimate of population
variability = sd / mean

47 Whail'is an Appropriate
Stiudy: Design?.

Third, develop sampling protocol that
allows reliable data to be collected

Whatrwill'be our samplingi protocol?
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Sarmpling Design
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Microsoft TeraServer Full Resolution Image Page - Netscape
Fie Edt Yew Go Window Hep
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Map Size

Zoom

Detail: 1.5 meters

=il [Bpplet Spiniien tunning

SR Start ictoscft PowerPaint - sim..|| B Microsoft TeraServer.

Minimum' Sample Size Requirements

or
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Minimum: Sample Size Requirements

Need 4 pieces of information:

Some
Statistical
Tierminology

Statistical Errors in
Hypothesis Testing

9/17/2008
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ihe Power of Statistical Tests

Minimum, Sample Size Requirements

Need 4 pieces of information:

Minimum Sample’ Size (n)

Where, d = minimum detectable difference

M = multiplier from normal distribution

s2 = estimated population variance
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5. Appropriate Data Analysis

Null Hypothesis (H,)
Alternative Hypothesis (H,)

INull"Hypothesis usually: is
tiestied via a statistical test

Whe conclusion thati the observed
resultiis significant: isiestablished

by the significance level (alpha or o).

Tt/ is the probability above which we
do not reject the Null Hypothesis.

9/17/2008
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INow, let'siget: down to business...

Does the abundance of
neofropical migratory. birds differ among
forestinterior and young forest/edge
habifats at the Westwoods National
Monument during Spring migration?

LCei's fake a guickilook at the data...
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Probability and the
Normal Distribution

THE UMNIT MNORMAL DISTRIBUTICOMN

Relative Frequency

Arerthe Data Normally  Distributed?

4

3

1

Number of Plots

0
012 3 45867

Number of Birds

Number of Plots

0 1 2 3 456 7

Number of Birds

9/17/2008
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30...
The datia appear to follow an
(approximate) normal distribution

We choose a Ti=T1esi, because:

The two samples have similar variances

The f=test will allow; us to assess
i therelis a'difiference in the abundance
oft INIIMBs'ih the two habitat: types,
and
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The test statistic...

Look up critical value in table: o = 0.05 (2-tailed), v = 18

What do we conclude?

Since the f-statistic (1.63)/is not greatfer
than the crifical value from the table (2.101),
we cannot reject the null hypothesis and
conclude that no difference
exists between habitats.

Another way 1o examine
the differences
between the mean
values of two samples

9/17/2008
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Confidence Intervals

Often, 95% Allows us to
estimate the
precision of
our estimate

sd

>_< i (fa(Z),n—l) ~
</ n

lean| + 957 Confidence: Intervals

9/17/2008
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Now, back to our’ hypothess testing

Whait? doiwe conclude?

Since the t-statistic (1.63) is not greater
than the critical value form the table (2.101),
we cannot reject the null hypothesis and
conclude that no difference
exists between habitats.

What do we conclude?

Since the f-statistic (1.63)/is not greatfer
than the crifical value form the table (2.101),
we cannot reject the null hypothesis and
conclude that no difference
exists between habitats.

Bui;, was'ouridesign rigorous enough
o be able fordetiect a difference?

n (difference?)

4 (variance)

1.15

9/17/2008
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that there was a 70% chance that we
claimed there was no difference in
NTMB abundance when, in fact;,
there was a difference

How. many’ poiht countisiwould we
have heeded in'each habitat
toldetect a 267, difference?

M =multiplier from table = 7.9

n=2(7.9)(3.648) = 57.64 = 34.1 points
(1.30)(1.30) 1.69
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Power Analysis of
Monitoring Programs
Designing effective surveys

A Power Primer
P Inherent to any monitoring programis variation in the numbers of plants
Step-by-Step

and animals counted. Some of that variation is natural (e g, population
dynarmics such as births, deaths, immigration, and emigration, weather
effects ,and so on)and someis dueto the flaws ofthe chosen monitoring
A abserver ditfe: of individuals being
e counted each time). This variation in numbers (from both natural and
R sampling sources ) partially obscures the presence of any long-term trends. If
[P the noise from this extraneous variation is high enough and we have too feor
e counts, then we may fail to detect itmpotant wn derlying population trends in
our population which,after all, is the goal of our monitoring progtam

How many,

Power

Bibliography
These pages are intended for anyone who's interested in stasting a

tmonitoring programm, and do nof assume advanced knovledge of statistics

Download
MONITOR
Thanks fo... Other sites of interest in the PIRC Moritoring Program family:
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Conclusions

we had only a 307% chance of detecting
a difference if it did, indeed, exist

6, Evaluating Success oft Project:

Appropriateness of data
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Data Management

Checked!for errors before & after
recording inian electronic format

Choosingl an Appropriate
Statistical Test

How many variables?

Momnal? — yes 1]

L . P non-
mean & S0 hinomial ttest Chi-square

9/17/2008

parametric
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How many variables?

Corelation ANCVA

How many variables?

Example

25
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Lizards...

..of the
Venezuelan
Savanna

We are' interested! ini detecting:

26


http://www.selu.com/bio/wildlife/reptile/lizard/lizard02.jpg

Minimum' Sample Size (n)

Where, d = minimum detectable difference
M =i multiplier from normal distribution

sz = estimated population variance

Minimum' sample size, n = -----
d2

= 8.6 0.60 < = 0.49
= (0.50)(0.60) = 0.30

2(8.6)(0.49) 8.43

9/17/2008
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CORRECTED Minimum' Sample Size (n’)

CORRECTED Minimum' Sample Size (n’)

n = corrected
sample size

n = original
sample size

N = total possible
sample size

9/17/2008
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Were also interested in habitat use
by lizards in Llanos National Park

H.: No difference in lizard
abundance between habitats

H,: Lizards not distributed
equally between habitats

Alpha = 0.05

Use Mann-Whitney U-Test
to test the null hypothesis

. Rank order all counts of lizards
from each of the two habitats

. Sum the ranks from the smaller

sample. This gives R,. [595.5]

. Calculate U} from the equation:

29
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Step 4. Calculate U5 from the equation:

[u, = 364.5]

Step 5. Take the larger of U; & U, and call
that U. With small sample sizes,
youl can compare U to values in a
statistical table. But, with large
sample sizes, the hypothesis must
be tested using a

One-tailed test,
P=005

Two-tailed test,
0.05 —

0.025

-1.98 0 164 196 -score

(ny)(nz)(N+1)
2 12

30



Appendix B Statistical Tables and Graphs App17
TABLE B2 Propartions of the Nomal Curve (One-Tailed)
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P=005
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What: dor we' conclude
about the abundance
of lizards in the

twol habitat: types?

9/17/2008
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